cells per gram of food. The exact value depends on a number of factors, including the presence of viable cells or spores in the food, on the amount of enterotoxin(s) produced, as well as on the susceptibility of the target population SCHOENI; WONG, 1995) .
It is believed that all individuals are susceptible to B. cereus food poisoning; however, more severe symptoms have been associated with young adults and the elderly (GHELARDI et al., 2002) .
Materials and methods

Sampling
Ten different brands of ground and roasted coffee were analyzed. Three different samples of each brand were collected for analysis. The isolation of viable cells from the samples and their subsequent quantitation were performed as described by (VASCONCELLOS; RABINOVITCH, 1994) . Cytomorphologic, biochemical, and physiologic identification was carried out according to the protocols of Gordon, Haynes and Pang (1973) , Claus and Berkeley (1986) .
Isolation and enumeration of B. cereus sensu lato strains
The method described by Speck (1984) was also used in the isolation of contaminants from ground roasted coffee. First, 1 g of ground and roasted coffee was homogenized manually in an Erlenmeyer flask containing 10 mL of phosphate buffer (pH 7.0). After homogenization, 2 mL of the suspension was transferred to a 10-mL sterile tube and heated at 65 °C for 5 minutes. After cooling, 1 mL was transferred to a 10-mL test tube containing 9 mL of sterile, distilled water, and 3 serial ten-fold dilutions were generated.
Detection and enumeration of cultured bacteria were performed through plating on selective solid medium. VRM medium, which allows for visualization of the hydrolysis of egg lecithin, was designed by Vasconcellos and Rabinovitch (1994) and has been adopted by the Laboratório de Fisiologia Bacteriana'' as a selective medium for the B. cereus family. Cultures were incubated at 33 °C for 24 hour, during this period of time many colonies were surrounded by cloudy haloes, caused by the hydrolysis of lecithin. These colonies were pale pink, in contrast to the more intense pink that characterizes the rest of the medium. They were considered to be positive for lecithinase activity and were subsequently enumerated.
The number of lecithinase-positive B. cereus sensu lato colonies was calculated based on viable spore counts, and the results were expressed as colony forming units (CFU) per gram of analyzed sample. Only colonies without parasporal crystalline inclusions (visible under phase-contrast microscopy) were classified as B. cereus sensu stricto, whereas those with parasporal crystalline inclusions were determined to be B. thuringiensis.
Positive colonies from each sample were then streaked onto nutrient agar and were subsequently confirmed to be milk and its derivatives, and raw foods, including fruits and vegetables (HARMON et al. 1992) , both dry and processed (DOYLE, 1998) .
It is difficult to eliminate microorganisms from the industrial environment (HARMON; GOEPFERT; BENNETT, 1992), because many spores are able to survive at different temperatures and pH levels. Spores are often resistant to dehydration and irradiation and present a notable capacity of adherence to food surfaces (BACHHIL; JAISWAL, 1988) .
B. cereus is frequently isolated from uncooked and unprocessed products, such as rice, condiments, vegetables, meat, and milk products. This microorganism is associated with two food-borne illnesses, called "emetic syndrome" and "diarrheic syndrome. " Its colonies can be identified by their irregular morphology; they are albescent and generally shiny. B. cereus uses glucose as a carbon source, instead of mannitol, arabinose, or xylose, and is able to hydrolyze starch and gelatin. It is positive for lecithinase and exhibits hemolytic activity and resistance to ampicillin (AGATA; OHTA; YOKOYAMA, 2002).
B. cereus secretes a set of extracellular enzymes and toxins that are considered important factors because of their pathogenicity. Two enterotoxins, HBL and NHE each formed by three components, are currently considered to be the main agents of diarrheic infection in food poisoning cases caused by B. cereus. Hemolytic activity, cytotoxicity and vascular dermonecrosis, together with permeability and fluid accumulation in rabbit ileal loops, are symptoms associated with the enterotoxins detected in filtered cultures of toxigenic B. cereus strains (BEECHER et al., 2001 ).
The hemolysin BL (HBL) is composed of a binding component (B) and two lytic components, L 1 and L 2 , transcribed from the genes hblA, hblD, and hblC, respectively. All three genes are required for maximal activity. The NHE complex is also comprises three different proteins, NheA, NheB, and NheC, encoded by the three genes nheA, nheB, and nheC (GRANUM; O'SULLIVAN; LUND, 1999). In both cases, the genes for each toxin's three components are found as an operon.
The non-hemolytic enterotoxin (NHE) is the second threecomponent enterotoxin responsible for diarrhea caused by B. cereus food poisoning. NHE is composed of NheA, NheB, and NheC. The three genes encoding the NHE components constitute an operon. The hemolytic enterotoxin, HBL, is encoded by the hblCDA operon and is composed of three protein components, L1, L2, and B. The B component mediates binding; L1 and L2 are lytic components (RYAN; MCMILLAN; ZILINSKAS, 1997) . This toxin also has dermonecrotic and vasculature permeabilizing activities and causes fluid accumulation in rabbit ileal loops (TSEN et al., 2000) .
B. cereus contamination of ground and roasted coffee may occur due to the presence of the strain in the soil, where it adheres to coffee plants. Due to its ability to sporulate, B. cereus can survive the roasting process (LUND; GRANUM, 1996) . The infectious dose of B. cereus ranges from 10 4 to 10 11 Each well in the first row received 25 µL of sensitized latex (TD 951), and each well in the second row received 25 µL of latex control (TD 952). Manual agitation was used to homogenize the content of each well. The plates were covered to avoid evaporation. Inoculated plates were left undisturbed on a vibration-free surface at room temperature. After 24 hours, the wells in each row were examined for agglutination against a black background. The amount of enterotoxin produced was determined using index values derived from the Oxoid reading scale.
Polymerase chain reaction (PCR) analysis of enterotoxin genes
All strains were tested for the presence of the hblCDA and nheABC genes with primers designed by Hansen and Hendriksen (2001) , as listed in Table 1 . A total genomic DNA for PCR analysis, extracted by boiling, was prepared from overnight cultures of B. cereus isolates in Luria-Bertani medium, as described by Nunes et al. (1999) . PCR amplifications were performed in an MJ Research thermocycler with PCR conditions as follows: a single denaturation step at 94 °C for 2 minutes; 30 cycles with denaturation at 94 °C for 15 seconds; annealing at 55 °C (hblA, hblD, nheA, and nheC) or 50 °C (hblC and nheB) for 45 seconds; extension at 72 °C for 30 seconds; and a final extension step at 72 °C for 4 minutes. Each 25-µL reaction mixture contained 200 µm dNTP mix solution; 1.5 mM MgCl 2 , 50 ng of template DNA; 0.5 µL of each primer; and 1.0 U of Taq DNA polymerase (Invitrogen). B. cereus ATCC 14579 was used as positive control. Amplicons were electrophoresed in 1.5% agarose gels in Tris-borate EDTA buffer (0.5 × TBE; 89 mM Tris-borate, 2 mM, EDTA, pH 8.0) at 90 V for 35 minutes. Products were visualized under ultraviolet light after 10 minutes of treatment with 0.5 µg.mL -1 ethidium bromide solution. As a reference, a 100-bp DNA ladder (Amersham Pharmacia Biotech) was used.
Results
To assess the level of ground and roasted coffee contamination by B. cereus s.s., 30 samples from 10 distinct manufacturers were analyzed using viable spore counting analysis. Although the occurrence of B. cereus in the ground and roasted coffee was relatively high (56.7%), the bacterial counting of B. cereus B. cereus s.s. by phenotypic testing. They were then streaked in nutrient agar slants and refrigerated as pure cultures.
Phenotypic identification and confirmation of strains as B. cereus sensu stricto
Isolates of B. cereus s.s. were identified by Gram staining, hemolytic activity, and specific biochemical, physiologic, and cytomorphologic tests for taxonomic studies of bacteria belonging to the genus Bacillus, according to the protocols of Haynes and Pang (1973) , Gibson and Gordon (1974) , Claus and Berkeley (1986) , and Vasconcellos and Rabinovitch (1995).
Detection of the hemolysin BL enterotoxin
Hemolysin BL (HBL) enterotoxin production was assessed through the detection of the L 2 lytic fraction of the HBL complex, using the B. cereus Enterotoxin Reverse Passive Latex Agglutination test-kit (BCET-RPLA, Oxoid), according to the manufacturer's instructions. This test allows for the detection of toxins as soluble antigens in an agglutination assay.
Production of diarrheal enterotoxins in bacterial cells
B. cereus strains were inoculated in 3 µL of Heart Infusion Broth (Oxoid) supplemented with 1% glucose (HIB broth) and incubated at 33 °C + 1 °C for 4 hours. After this period, 100 µL was inoculated into 25 mL HIB, incubated at 33 °C + 1 °C, and agitated at 175 rpm for a period of 18 to 20 hours. Finally, each strain was centrifuged at 2,200 rpm for 20 minutes at 10 °C. The centrifuged material (both pellets and supernatants) were kept under refrigeration until use.
Microplates for microagglutination were organized in rows comprising eight wells. Two rows were used for each sample. Using a micropipette, 25 µL of diluent (TD 954) was dispensed into each well of 2 rows, except for the first well in each row. Next, 25 µL of the sample to be tested was added to the first and second wells of both rows. Starting at the second well of each row, 25 µL was pipetted and diluted two-fold into the next well in the row. This process was continued along each row through the seventh well; the last well contained only diluent. The production of the selected protein component (L 2 lytic fraction), and the presence of selected genes encoding proteins involved in B. cereus-related diarrhea are listed in Table 3 . According to the presence of various enterotoxin genes, the 17 B. cereus s.s. isolates could be divided into 7 groups. All six genes were detected in group I. Groups II and III did not contain nheA and hblA, respectively. The hblA and nheC genes were not detected in group IV. Group V did not contain the hblA and nheAC genes, while groups VI and VII both lacked hblCDA as well as nheAC and nheA, respectively.
The presence of six enterotoxic genes was detected by PCR in all B. cereus isolates. Of all 17 strains, 100% were positive for at least 1 enterotoxin gene; 52.9% (9/17) were positive for the 3 genes encoding the HBL complex; 35.3% (6/17) were positive for the 3 genes encoding the NHE complex; and 29.4% (5/17) were positive for all enterotoxic genes (Figure 1) . The 17 isolates characterized as B. cereus s.s. were also tested isolates in the samples were low. As shown in . Isolated colonies of B. cereus s.s. were initially identified based on their lecithinase-positive morphology on plates; their cellular appearance as viewed by light microscopy; and their production of subterminal and cylindrical spores. Table 3 presents the identification parameters obtained by the phenotypic tests. Nevertheless, some strains demonstrated characteristics different from the reference strain B. cereus ATCC 14579. For example, some isolates showed phenotypes distinct from the reference strain in terms of growth in Nutrient Broth containing 5% and 7% NaCl and acetyl-methyl-carbinol production (Voges-Proskauer reaction). All the isolates were β-hemolytic, but three isolates did not decompose L-tyrosine. Additionally, 5 out of the 17 B. cereus s.s. strains were unable to degrade starch, and 8 isolates were able to grow at 40 °C. +, positive; -, negative; 1 +, a PCR product of the expected size was observed; -, no PCR product was observed; 2 +++, production of diarrheal enterotoxin detected by the Oxoid test; -, absence of diarrheal enterotoxin; 3 See Claus and Berkeley (1986) ; 4 AMI = starch hydrolysis; VP = Voges-Proskauer test (acetyl-methyl-carbinol production); NaCl 5% = growth in Nutrient Broth containing 5% NaCl; NaCl 7% = growth in 7% NaCl; TIR = tyrosine degradation; Temp. 40 °C = growth at 40 °C; 5 All isolated B. cereus strains presented positive results for: utilization of citrate, casein hydrolysis, lecithinase reaction, catalase production, anaerobic growth, acid production from glucose, production of hemolysis, and oxidase reaction. All isolated B. cereus strains presented negative results for the following: growth at 50 °C, 55 °C, and 65 °C, growth in 10% NaCl, acid production from D-xylose, arabinose, and mannitol, and gas production from D-glucose. that many commercial brands of coff ee would be considered unsuitable for consumption.
Th e B. cereus detection frequency in coff ee samples suggests a widespread distribution of this microorganism throughout the several steps of coff ee production. Th e identifi cation of vine plants carrying enterotoxins indicates that contamination may occur from tilling. Th is particular result also indicates that the control of this microorganism must occur from the beginning of the coff ee processing -the harvesting. An appropriate healthy harvesting process will reduce the risk of food-borne illnesses associated with B. cereus (DAGLIA et al., 2007) .
Th e presence of B. cereus in ground and roasted coff ee may be due to several factors, including the elevated heat-resistance of spores, the application of thermally unsuitable treatments in the coff ee-roasting house, and the storage at inappropriate temperatures (YEN et al., 2005) .
Th e HBL and NHE enterotoxins are the primary cause of diarrhea aft er infection by B. cereus from contaminated foods. Actually, an immunoassay method to identify diarrhoeal enterotoxin in B. cereus is being using for foods. Th e BCET-RPLA kit, which detects the hemolytic fraction L 2 (HBLC), has been used to assess the production of this toxin by members of the B. cereus group (GUINEBRETIÈRE,; BROUSSOLLE; NGUYEN-THE, 2002 ). Among the 17 tested strains, 12 (70.6%) were found to synthesize the proteic sub-unit L 2 , as indicated by the BCET-RPLA index. For the 17 B. cereus strains, hblC gene detection through PCR method correlated well with the results of BCET-RPLA test.
All seventeen B. cereus tested strains possessed at least one gene or component of the HBL and NHE complex. A high occurrence of protein components and/or genes involved in human diarrhoeal disease has previously been described for B.
for diarrheal enterotoxin production; 12 strains (70.6%) were positive, and 5 strains (29.4%) were negative, using the BCET-RPLA test (Table 3 ). All 12 hblC PCR-positive strains were also enterotoxin-producing strains.
Th e occurrence of each enterotoxin gene in the B. cereus s.s. isolates was as follows: hblA (52.9%), hblC (70.6%), hblD (70.6%), nheA (41.2%), nheC (70.6%), and nheB -detected in all analyzed isolates.
Th ese results showed that all strains examined possessed genes or protein components for toxins involved in human diarrheal disease. Th e consequence of this fi nding, in terms of food safety regulations, remains to be evaluated. 2003 (BRASIL, 2003 , samples from foods carrying B. cereus or other microorganisms were, at least, unsatisfactory, since these microorganisms can cause serious health problems. In the present study, the average counting of B. cereus-like bacteria detected in samples of ground and roasted coff ee revealed the presence of this pathogen in 17 out of 30 analyzed samples (incidence of 56.7%). It should be emphasized that the Brazilian legislation (BRASIL, 2003) has set a limit of 10 3 CFU.g -1 for B. cereus in mate tea, which is prepared similarly to coff ee. If similar limits were set for coff ee, the results here demonstrate In groups VI and VII, there are five strains of B. cereus (29.4%) that did not allow the amplification of the HBL complex genes, but hemolytic activity by producing β-like hemolysis was demonstrated. This is in agreement with the evidence that several hemolytic factors are expressed in the B. cereus group, such as cereolysin, sphingomyelinase, cereolysin AB, and cereolysin-like hemolysin (PRÜSS et al., 1999) . These strains were not able to degrade starch, and grew at 40 °C. Thus, they could be B. cereus strains producing emetic toxin that is usually unable to degrade starch (VALERO et al., 2002; MORI, 1996) .
Discussion
Biochemical features such as starch hydrolysis, acetylmethyl-carbinol production, and tyrosine degradation, presented discriminative results, what demonstrated that isolated strains with different biochemical metabolism may be strains derived from diverse contamination sources. Germination of B. cereus strains take advantage between 10 °C and 48 °C, and temperatures lower than 100 °C cannot be efficient to the destruction of B. cereus spores. This bacterium is not a competitive organism and geminates well in foods containing flour or starch; in particular, boiled rice after cooling (below 48 °C) can enable the growth of this microorganism. After heating, with the absence of a competitive flora, the spores geminate and can produce toxins (SILVA et al., 2007) .
The higher the number of samples containing enterotoxigenic B. cereus strains, the higher the necessity of improvements in hygiene conditions during the processing of coffee, so that risks to the public health can be avoided.
cereus from foods (GAVIRIA-RIVERA; GRANUM; PRIEST, 2000; VALERO et al., 2002; ROSENQUIST et al., 2005) .
The percentage of food poisoning outbreaks associated with B. cereus varies from country to country, and it is dependent on the reporting system. In Japan, the emetic type is reported about 10 times more frequently than the diarrhoeal type; while in Europe and North America, the diarrhoeal type is the most frequently reported (KOTIRANTA; LOUNATMAA; HAAPASALO, 2000) . In the Netherlands, for example, from 1991 to 1994, B. cereus was identified as the most common cause (19%) of food poisoning outbreaks (SIMONE et al., 1997) . Mead et al. (1999) estimated that more than 27,000 food-borne illnesses are caused by B. cereus the United States annually. However, very little is known about food poisoning outbreaks in Central and South America. A better knowledge of the characteristics of these strains that cause food-borne illnesses by B. cereus would help to establish their risk and provide information for microbiological risk evaluation.
Out of the 17 B. cereus strains, 5 lacked the three genes from the HBL operon and the remaining 12 strains had at least two genes of the HBL complex. B. cereus strains with incomplete HBL complex have been reported (MÄNTYNEN; LINDSTRÖM, 1998). Three strains were negative for hblA gene and positive for hblCD genes in the PCR. This indicates that the hblA gene is present in these strains, but one of the primer binding sites was probably modified (PRÜSS et al., 1999) .
Recent studies using PCR-based methods (GHELARDI et al., 2002; PHELPS; McKILIP, 2002) have attested the heterogeneity of B. cereus and the presence of virulence factors carried by the pathogen. Hansen and Hendriksen (2001) reported that the functioning of the HBL complex depends on products from all three genes, and it is most likely that polymorphism among the genes causes the inability to detect all genes in some strains through PCR. Polymorphism similar results in the hbl or nhe operon were reported by Guinebretière, Broussolle and Nguyen-The (2002) among diarrheal B. cereus strains. Hsieh et al. (1999) investigated the virulence profiles of B. cereus s.l. group bacteria, including B. cereus strains isolated from foods and samples associated with food-poisoning outbreaks. For this investigation, the presence of enterotoxin genes were assayed through PCR methods and the authors concluded that all B. cereus group strains may be potentially toxigenic-that is why the detection of these strains in foods is important.
Among the six tested genes, nheB, coding for the 39-kDa component of NHE complex, was the most frequent, detected in all B. cereus strains through PCR. In contrast, the percentage of strains harboring nheA was smaller (41.2%) among the isolated strains. Because all the nhe genes belong to the same operon (GRANUM; O'SULLIVAN; LUND, 1999) , it is, however, possible that the negative nheAC-PCR results were due to gene polymorphism rather than to its absence (LUND; GRANUM, 1996) .
